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ABSTRACT

Grdphm interfaces designed to operate on space
qualified hardware Lhdllen"( software designers
to display complex information under provessing
power and physical size constraints.

Under contract to Johnson  Spiace Center,
MICROEXPERT  Systemis  is  cuniently
constructing an intelligent interface  for the
LASER DOCKING SENSOR (LDS) thght
experiment.  Part of this interface is an graphic
animation display for Rendezvous and Proximnty
Operations. The displays have been designed in
consultation with  Shuttle  astronauts. The
displays show multiple views of a sutellite relatine
to the shuttle, coupled with numeric attitude
information. The graphics are generated using
position data received by the Shuttle Pavioad wnd
General Support Computer (PGSC) Tron: the
Laser Daocking Sensor,

Some of the design considerations include crew
member  preferences  in praphic dat
representation, single versus muliiple window
displays, mission tailoring of graphic displivs,
realistic 3D images  versus gencric wen
representations  of real objects, the  physical
relationship of the observers to the graphic
display, how numeric or  textual mmformation
should intertace with graphic data, in what frame
of reference objects  should be  portrayed,
recognizing conditions of display itormition-
overload, and screen tormat and  placement
CONSIStENCy.
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INTRODUCTION

While much research s bemng tunded to advance
the  state-of-the-art in o realtime graphic
WOrKstations, these sysiems are notappropriate
for onboard wraphic displiavs toassist crew
members o space. H;n'd\\;m' aside. issues
converning  displiy content. efficiensy and
pre acticality must he ‘u! ] ressed when U)I)\ILILIH]L
craphic technology in space. MICROFE \PYR]
Systems Incorperated s conducting research i
the use of expert systems and graphical dum
portray. il on microcomputers tooaid Orbiter
crews mnterpreting sensor datia oulput in space.
The application, tunded by NASA Johnson Spuce
Center is 1o develop u human mtertace 1o the
1 DS The 1.DS iy o faser radar designed to
menstre the relative positon between NASA's
Orhiter (Shuttdey and o target {(Space Station or
satclliel durme rendesvous and docking
operatins. The project softwares called the
Paser  Docking Sensor - Associate (L.DSA),
displavs the 1. DS data under LDSA con uml The
svsteni assists the erew by monitoring the data for
toult and safery problems and pmndm crew
input 10 the semsor. This paper outlines the
apprix .\t ke n designing the graphic intertace
of the TDSAL and identifies [\uulx trities typical
in dx'm}: my praphie mtertaces tor thight qualified
hardwire.

SYSTEM CONSTRAINTS FOR FLIGHT
QUALIFIED GRAPHICS

Lhe new orbiter onboand computer that allows
graphic duplivs is the Pavload and General
Support Computer (PGSCY. The system s a
GRIDY CASE Model 1330 Taptop mmpuhr Its
L\]‘HP])LLI with o 125 MEE 80386 32-bit processor
with SUBST math co-processor. The disply s a
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10 inch diagonal 640X300 pixel, backlit LCD
display. The interface to external data is via RS-
232 or RS 422 serial ports. The operating system
1s GRID MS-DOS Version 3.21D.

The PGSC imposes the following limits on
graphics applications and design:

o The processor size severely confines the
amount of detailed graphic anmmation that
can be displayed.

o The display does not support color
graphics.

o The physical display screen size limits
the detail in which the graphies can be

presented.

o Conmumunication via serial port restricts

the amount of data available to the
system.  This limits the types of graphic
applications  the  system can support,

Graphic portrayal of externally digitized
images for example, cannot be directly
transferred in reasonable time.

o Input to the system s through the
keyboard only.  No mouse, track ball,
voice or touch screen is invailable for the
system. This limits user input to keyboard
only and creates o need for menus,
function keys and mnemaonics,

o Because the PGSC is not currenty
connected to the orbiter General Purpose
Computer (GPC), applications run on the
PGSC are restricted to those which do not
involve orbiter safety and mission data.

CHARACTERISTICS FOR ORBITER MMI
DESIGN

As a prelude 10 building an Man Machine
Interface (MMI) for the LDS. MICROEXPERY
proceeded through a  knowledge  wathering
process to learn more about the system being
represented, the presentation preferences ot
users, and representation standards.

Gathering knowledge ibout @ system yet 1o be
built increases  the ditficulty  of  gathering
definitive system information and expertise. 1n i
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large departmentalized organization it is always
time consuming to locate the “experts’ with the
proper knowledge required to impact system
display design. When a new system is being built
there is no expert and the knowledge has to be
assembled from a variety of sources.

MICROLEXPERT's knowledge engineers made
several design trips to JSC to talk to the large
variety of groups and  departments with an
interest - Shuttle displays. Personnel who
participated  in the  design  included  four
astronauts  plus  engineers from  Proximity
Operations and Shuttle Display Groups.,  We
showed them preliminary designs and  elicited
comments.  The final version of the display
design resulted from aterative design and user
input.  In some cases, rules of display design
vielded to astronaut expectations.

Our mvestigation into design preferences and
requirements led to the tollowing observations:

O Astronauts  prefer  graphical
representation ot data. Three
dimensional graphic models that depict
orientation are more meaningful to the
astronauts than numeric data. Engineers
prefer to see numeric and tabular data,
and do not see the graphics as very
meaningful.

o Numerical data should be displayed
only to the accuracy that is relevant. Just
because data may be available to three
places after the decimal point, 1if the crew
member can only atfect a change in the
data to the nearest integer, that is the only
value  necessary  to - display. The
msigniticant”  sigmificant figures  only
clutter the sereen.

o Although uniformity of numerical data
makes  for a symmetrically  pleasing
display, crew members prefer receiving
the exact datir as required.

o Critical data, for example range and
range rate i our application, can be
emphasized by displaying them in large
numbers on the graphic screen in head-
up display tashion.  Not only does this
permit the crew member to easily find
numeric  datae without  changing  the
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graphic view, but allows other crew
members to monitor the values over the
shoulder of the prime user.

o Critical information that appears as a
demon or warning should require positive
confirmation by crew members using the
system.

o Displays should be stufted with as much
information as possible to avoid changing
display screens.  However, astronauts
should be able to declutter the screen
during certain operations of the display.

o Information displayed graphically on
the screen should be placed in multiple or

selectable frames of reference.
Astronauts  prefer that most  graphic
displays  be in  shuttle  coordinate
orientation.  For proximity and docking,

all readouts should be ’tly-to” oriented.
This means that the goal of the display
should be to put the target in the middle
of the crosshairs, or zero out all the
numerical data.

o A conflict arises between generic
graphic displays, and mission specific
displays. Generic  displays  have  the
advantage of providing ease of training.
standardization,  and
software. Graphics that pertain to a single
mission requirements can provide a much
greater level of detail and speciticity to the
graphics, and impart more intormation 1o
the crew member. In other words. there
are no absolutes for screen design in real
space applications.

GRAPHICS APPLICATION: LASER
DOCKING SENSOR

The above considerations were incorporated into
the design of the graphic interface to the LDS.
The purpose of the LDS is to improve
measurement accuracy over the current docking
methods using the KU band radar, the Crew
Optical Alignment Sight (COAS) and external
telemetry. The system goal is 1o achieve  soft
docking with a target, reduce docking time
requirements, and  conserve  fuel - while
maintaining safety.

reusability  of
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The LDS measures range, azimuth, elevation,
roll, pitch, yaw and associated rates to a docking
target.  To achieve accuracy over a dynamic
range. the LDS design calls for a complex
integration of several measurement
systems.including  the  Distance  Measuring
Equipment subsystem, which is a laser radar with
multiple tones to measure the range and a
doppler to measure range rate and the Long
Runge Bearing System  (LRBS), consisting of an
illuminator and camera to capture a video image
of the target for determining bearing beyond 80
feet, Short Range Bearing System (SRBS) for
caleulating bearing and attitude, and several optic
and microprocessor subsystems.

The LDS communicates with the PGSC via an
RS-232C link. It outputs fixed formatted data
packets @t a 1HZ update rate. The PGSC can
send to the 1.DS the following mode commands:
STANDBY. SEARCH. BREAK TRACK, SELF
TEST, CALIBRATE, and SEND VIDEO.
Normally the LDS operates  autonomously
without ‘input from the PGSC. The LDS also
sends the data packet to the Payload Data
Intertace (PDD). The LDS connects to the aft
flight deck switeh panel via panel diserete mode
selection mpul.

PGSC DISPLAY DESCRIPTION

The PGSC runs MICROEXPERT's realtime
LDSA program.  The LDSA has four main
functions:

o Communication with LDS

o Display of the LDS data

o LDS data analysis using expert systems
o Satellite target recognition.

The LLDSA MMI presents the LDS  data in
graphical and tabular form with critical data
enlarged. The relative position of the target is
presented from more than one perspective and
coordinate system. The menu enables user input.

The 1.DSA expert system checks the data for
validity. trends and dangerous situations.  The
farget recognition software validates the target
and calculates its attitude.

MICROEXPERT designed two interfaces for
this system:  one mission specitie, the other a
generic proximity  operations  display.  Both
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MMI’s were designed around the knowledge
ained from on site interviews,
MICROEXPERT's experience in  complex
displays for tutoring, and general principals of
display and expert system design.

The mission specific interface consists of several
full screen graphical views with scales and
numerical readouts. These windows are:

o The tront view from the perspective of
the LDS (see Appendix A) displaying a
three dimensional wireframe maodel of the
target vehicle.  The model s scaled.
transformed and oriented in roll, pitch and
yaw from the LDS measurement. The
model appears in real time as the sateHite
would to a mission specialist observing it
through the COAS.

o The side view depicting the paosition of
the shuttle and the target vehicle from o
point on the azimuth axis.

o The readout screen, listing all the dat,
sensor status and a history of the L.DS
status and mode changes.

The generic intertace {(see Appendix A) consists
of one main display screen with six main
windows. In the graphics windows icons portray
the relative positions of the vehicles. The target
icon always includes a halo to indicate the
deadband. Scales to the side of the graphics
indicate the measurement, its rate, and direction
of change. The windows are:

o Side view indicating the Z and X
coordinates of the target in graphics and o
linear scale.

o Top view graphing the target relative 1o
the shuttle in X and Y uas seen trom above
the shuttle (-Z). The ticld of view of the
LDS is outlined by a dashed baox.,

0 Sensor data listing  measured
parameters (range az., el, etc.) sent from
the LDS in a columnar readout. The
values are converted to the cartesian
coordinate system of the shuttie and
displayed.

o P/L Relative displaying target attitude
vialues  in columnar  readouts  with
corresponding rate values.

o LDS FOV plotting the target in the
LLDS’s field of view.

o Status and Warning indicating the mode
of the LDS and suggestions from the
expert system.

CONCLUSIONS

Designing animation graphic interfaces for space
applications creates  considerations that may
impact the design of the interface and disallow
the current state-ot-the-art in color animation
graphics. In spite of this, graphic interfaces can
be applied to onboard, realtime software
applications with strongly positive results.

The 80386 processor in the PGSC is capable o
running a variety of sophisticated programs that
could aid Orbiter crews. The terminate-and-stay-
resident display, interface software, and data
analysis — routines  in the  PGSC  run
"stmultaneously” by servicing interrupts to share
pracessor time. Displaying multiple 2D views, or
3D wiretframes  can provide a  graphical
representation, while omutting detail prohibited
on small machines.

On  board  graphic  software for data
representation is relatively new to the Shuttle
program.  Aninuited graphic representation o
data brings a more intuitive understanding of the
data to crew members, and should be carned ino
more onboard software systems.  Integrating
crew member desires nto the display design
creates an etticient, tlored display that is will
provide graphics to better aid the crew. Because
different players have different needs and display
interests, graphics standards should be created
for the PGSC and adapted for all payload
support software. This will improve and reduce
the cost of display design, increase acceptability,
and enhance training.
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DRIGINAL P2
Appendix A LDSA Display Screens OF POOR QUALITY
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